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(54) Cathode for display device 

(57) A display device comprises field emission cath- 
ode means for emitting electrons. A plurality of electron 
beams are formed from the field emission cathode 
means. A screen, which has a phosphor coating facing 
the cathode receives the plurality of electron beams. 
The phosphor coating comprises a plurality of pixels 
each corresponding to a different one of said plurality of 
electron beams. A grid electrode means is disposed 
between the cathode means and the screen for control- 
ling the flow of electrons from the cathode means. The 
field emission cathode means comprises extractor grid 
means, having a plurality of separately addressable por- 
tions associated with each of said plurality of pixels. A 
gamma transfer function between input data value and 
beam current is provided in order to emulate a conven- 
tional CRT. This can be achieved by use of a lookup 
table. 




FIG. 5 



< 

CO 
O) 

in 
oo 

o 

CL 
HI 



Printed by Xerox (UK) Business Services 
2.16.3/3.4 



Description 



EP 0 854 493 A1 



20 



25 



30 



35 



40 



45 



50 



55 



^^x^^xsxsr beam disp,ays - ~ to a « 

5 a«°n F t Pa c^ Inoper- 
potentialdifference between thec^hodeS^lnt!^!, , ^ emi «ed from the cathode. The 

anode in a beam. A beam om^^^J^^^T!? e,ectronsfr ^^ cathode towards the 
a matrix arrangement is disposS b£lS!tS£!lS? ** ^ beam 

io "combs" place? at right ang^to eXJer ^leS ^ I? "** arran 9 emert * *>™>d by a pair of 

PM lies at the intersection of ^1^2^ * ** ™* ** pix6 ' ° r Sub - 

ln operation, a control voltage is aoolied £ -SIS . . ! ? ? - S many Separate elements < rows <* columns). 

ment imposes an toi S S, SSS^^JS 0 ^ 71 * " W V ° H39e applied to each -* 
a^ated^^^ 

a simple control vott^e apX^^ ?" C ° ndtti ° nS for *» pixel " «* * * »«■ 

ON (biased) state. The aTcuit which oToSS £ row conductors between an OFF (unbiased) state and an 

vertical fines) is used £S1?wK?J22&" IT "5 1,16 «* havin 9 «*«« (« 

-'*anar*,og,a,e.be^ 
will support. The number of intermedate levels JSSt ZlE , max,mum level whi <* the display 

The analog drive circuits which TT? ' $ determ,ned b * the driving the columns, 
aton of thl rows and £££££ tL^'" 9 ™ COmp,ex and «"P«** displays the oper- 

V e rt e?(« 
unbia^S y S^ 

from one of the column driversT^lS^ 9 ^ ^ 303109 0utput value of 11,6 DAC - " ™ analog voltage 

beamcurrentwfSTo^ T *» »" bm » * 

how much beam current flows and SwhatT^ 

the DACs are driven in parallel with data for SI * ^ 3 practical Cementation, all of 

simuitaneously. The row'which Ei£l5 S o ol'Z 7" " "** r<M * data iS presented 

constructed. a'sp'aying data propagates down the screen as the entire frame of data is 

TheDAC^ 

overall cost of the flat panel display H a e^paSe DA^i S£ w ? C J rCU,tS ' S 3 5ignificant proportlon * 108 

the three colours, that make ud a oixeMn J Slf? "u ' eaCh ° f 1,16 ,hree subpixels ' associated with each of 
overall cost of the fla^ 

rnealTfSt^^ 

electron beams; a scrZor Sri thTptX Sl^ M?™" 9 emHW e,eCtr0ns into a »*«* - 

cathode, the phosphor coating coding a c Z K ST* S °T ^ 3 Ph ° Sph0r facin ° *» 

electron beams; grid electrode SSS ^ *° a dWerent one « «* Polity of 
blocking the flow of electrons fromfte Si! cathodameans and the s "een for selectively allowing or 

rately addressable portions S2£iS2*S3 *T 5""** "* ^ haS 3 P ' Ur3,ity of ^ 

tons of the extractor grids assodated wfth !S nf * P , ,,tyo,p,xels - provision of separately addressable por- 

current from a field J^£C££ is Svl ^ ,hS Pr ° b ' em ° f ana, ° 9 "« of *• **» 

-y'^^^sX^ "T 35 *» they 

have the advantage that the centre point S SSK^SSSSS^ - * 3ddreSSable POrti0nS 
has the advantage that any mapping of the catnode addr ^ sable P° r *ons of the grid is the same. This 

the anode and front of screen ^^^SSSSiT?", °T ^ and hence to 

increases, sodoes the spot dlJ^^lTb^TZ^LT ^ t0 the USen M 1,16 beam cu ™ 

further preferably, the foursepara^'Sj^ 

^ V ^r 65591316 Portions of the extractor grid means have relative areas of 1 . 2. 4 and 



2 



3NSOOCID: <EP 08S44S3A1J_» 



EP0 854 493 A1 



8 respectively. 

The extractor grid may be deposited by means of thin film lithographic deposition techniques such as evaporation 
or sputtering. 

Another feature of the invention is that the plurality of pixels are arranged in rows and each of the separately 
5 addressable portions associated with each of the plurality of pixels in a given row and having a common relative area, 
are connected together by a common conductor. 

Yet another feature of the invention is that a gamma transfer function may be used to map between an input data 
value and the corresponding electron beam current to provide an emulation of a gamma function of a conventional CRT. 
In a preferred embodiment, a lookup table is used to provide the mapping between the input data value and the corre- 
10 sponding electron beam current. The advantage of providing a gamma transfer function from digital input data is that 
this emulates a conventional CRT display and so the same image is seen by a user as would be displayed on a con- 
ventional CRT using any of a wide range of existing applications. Additionally, the use of a gamma transfer function 
allows matching of a display device output to that obtained from a printer or from a scanned photographic image. The 
transfer function can be dynamically changed by reprogramming a lookup table used to implement the function. 
75 The invention also provides a computer system comprising memory means; data transfer means for transferring 
data to and from the memory means; processor means for processing data stored in the memory means; and a display 
device as described above. 

Preferred embodiments of the present invention will now be described, by way of example only, with reference to 
the accompanying drawings in which: 

20 

Figure 1 is a simplified cross-sectional view of an example of a Magnetic Matrix Display device; 
Figure 2 is a plan view of the example of figure 1 ; 
25 Figure 3 is a close-up view of a field emission microtip cathode; 
Figure 4 is a plan view of the microtip cathode of figure 4; 
Figure 5 shows a view of a 4 bit extractor grid according to the present invention; 

30 

Figure 6 shows a view of another 4 bit extractor grid according to the present invention; and 

Figure 7 is a graph showing transfer functions between drive voltage applied and beam current flowing. 

35 Referring to Figure 1 , an example of a magnetic matrix display device 10 comprises a plane cathode 20 facing a 
plane anode 30. A phosphor coating 150 is disposed on the side of the anode 30 remote from the cathode. A perma- 
nent magnet 1 40 is disposed between the anode 30 and the cathode 20. The magnet 1 40 is perforated by a two dimen- 
sional matrix of channels or "wells" 160. A grid assembly is disposed between the magnet 140 and the cathode 20. The 
grid assembly comprises first and second electrically isolated arrays of parallel conductors hereinafter referred to as 

40 first grids 71 and second grids 72 respectively. The first grids 71 are arranged orthogonally to the second grids 72 to 
form a lattice pattern. Apertures are formed in the first grids 71 and the second grids 72. The apertures are located at 
each intersection of a first grid 71 and a second grid 72. Each aperture is aligned with a different well 160. 

Referring to Figure 2, column drive circuitry 1 70 is connected to the second grids 72. Row drive circuitry 1 80 is con- 
nected to the first grids 71 . This has the advantage that for a conventional display having a four to three aspect ratio, 

45 with more columns than rows, the number of more complex expensive analog drivers is reduced at the cost of having 
more simple, cheap digital switches. In operation, the anode 30 is held at a higher potential than the cathode 20. Elec- 
trons emitted from the cathode 20 are thus accelerated towards the anode 30. As electrons enter each of the wells 1 60 
in the magnet 1 40 they are collimated into a dense beam by the magnetic field therein. In operation, admittance of elec- 
trons to the wells is selectively controlled via the grid assembly. Each well 160 is addressable by appropriate voltage 

so signals applied by the row drive circuitry 180 and the column drive circuitry 1 70 to the corresponding first grid 71 and 
second grid 72. Electrons are thus selectively admitted or blocked from entering each well 160, passing through the 
magnet 140 and reaching the corresponding region of the phosphor coating 150 to generate a pixel of a displayed 
image on the screen. The pixels of the displayed image are scanned in a refresh pattern. To produce the refresh pat- 
tern, a column of pixels is energised by applying an appropriate voltage, via the column drive circuitry 170 to the corre- 

55 sponding second grid 72 with the voltage on the first grids 71 set via the row drive circuitry 1 80 so that no beam current 
flows. The voltages on the remaining second grids 72 are set by the column drive circuitry 170 so that no beam current 
flows for any operating voltage on the first grids 71 . The voltages on the first grids 71 are then modulated by row drive 
circuitry 180 as a function of input video data corresponding to the energised column of pixels. The process is then 
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repeated for the next successive column. The row and column functions may be transposed relative to that convention- 
ally used in LCDs, that is the rows are driven by an analog voltage and the columns are switched between two analog 

In the present invention plane cathode 20 is a field emission cathode. Known field emission cathodes include 
microtips, Metal- Insulator composites and Carbon nanotubes. The invention is applicable to any cathode type which is 
deposited as a flat plane emitter. 

A preferred field emission cathode comprises an array of atomically dimensioned sharp tips of a material such as 
Molybdenum. In operation, a very high electric field is applied to the tips via a cathode control grid or extractor grid The 
field allows electrons to be drawn off the tips without application of heat to the cathode. Figure 3 shows a close-up view 
of a field emission microtip cathode. A glass substrate has layers of Niobium, Silicon and Niobium positioned on it 
Molybdenum points extending through holes in the Niobium, Silicon and Niobium layer are fabricated. The atomically 
dimensioned sharp Molybdenum tips are typically 1 .5 jam across at their bases and are spaced 5^m apart. 

Figure 4 shows, in plan view, a specific embodiment of figure 3. in which each of the openings of the mesh contains 
30 atomically dimensioned sharp Molybdenum tips. The area of cathode associated with each pixel of the display has 
35 openings in the mesh for each pixel. The openings in the mesh are typically on a SO^m pitch. Each of the dots in 
figure 4 corresponds to one of the tips shown in figure 3. This gives approximately 1000 tips per pixel. 

A voltage of 50 to 125 volts is applied between the cathode control grid and the tips and typically provides sufficient 
electric field strength to produce electron flow. In order to use the electrons thus generated, a good vacuum within the 
enclosing envelope is required. Details of a practical process for the production of such tips can be found in Spindt et 
al, "Physical properties of thin film field emission cathodes", J. Appl. Physics, Vol. 1 47, 1 976 and an application to a dis- 
play in Ghis et al, "Sealed vacuum devices: Microtips fluorescent display-, Third International Vacuum Microelectronics 
Conference, Monterey, July 1990. 

Another type of field emission cathode uses Metal-Insulator composites such as carbon particles embedded in 
resin. Alternatively, a planar metal electrode may be coated with graphite, silicon, iron or other particles embedded in 
resin. Application of a high voltage gradient (several kV/m) results in field emission from the particles, producing high 
current densities. These resin coated cathodes have the advantage of being relatively unaffected by poor vacuum con- 
ditions, but have problems with.current instability. These cathodes are described in Khairnar and Joag "Pencil lead field 
emission", Colloque de Physique, No. C8, Nov 1 989, p.C8-85 and Bajic et al, "Factors affecting the stability of cold-cath- 
ode formed by coating a planar electrode with a metal-insulator composite", Colloque de Physique, No. C8, Nov 1989, 
30 p.C8-79. 

A further type of field emission cathode uses carbon nanotubes. A layer of vertically oriented 10nm diameter, 1 jim 
long hollow carbon tubes are placed under a copper grid with a 200V potential difference, and followed by af inal anode 
Large vertically collimated field emission currents can be obtained and the method of manufacture of the layer is said 
to allow unlimited cathode areas at very low cost. Such an electron source is described in WA de Heer et al, **A carbon 
35 nanotube field-emission electron source", Science, Vol. 270, p.1 1 79, 1 7 November 1 995. 

A characteristic of field emission is that a certain threshold electric field intensity must be passed before any emis- 
sion occurs. Once the threshold electric field intensity is passed, emission starts and very rapidly grows to high values 
of emission. A practical difficulty that has been encountered with Field Emission Displays (FEDs) is the steepness of 
this emission curve, which has the effect of providing only binary control of the level of emission. The level of emission 
is either zero or a high value of emission. Analog control of the beam current resulting from the emission is difficult in 
such devices. In addition, most FEDs use a low final anode voltage of only a few thousand volts, thus requiring that a 
high beam current is used in order to compensate for a low phosphor efficiency. 

Another characteristic of a cathode based on an array of field emission tips is that, due to the strong field gradient 
all the electrons released from the individual cathode tips are accelerated away from the cathode region By analogy 
with the thermionic cathode found in CRTs, the cathode used in FEDs may be said to be operating in emission satura- 
tion rather than in space charge limited condition. This means that for a given point on the transfer curve, the number 
of electrons released and hence the beam current are directly proportional to the area of the emitter. 

As described above, in a prior art display, a large number of points are fabricated in an array and an extractor grid 
is driven with a proportional analog voltage from a DAC to provide beam current control. 

In a display according to the present invention, a number of separate extractor grids are used which have different 
relative emission areas. Each addressable pixel is associated with a number of these separate extractor grids Since 
the level of emission is proportional to the emission area, the level of emission is controlled by which of the extractor 
grids have a voltage applied. In a preferred embodiment, there are four extractor grids having relative emission areas 
of 1 , 2, 4 and 8. The extractor grid having a relative emission area of 1 is driven by a digital bit 0. The extractor grid hav- 
ing a relative emission area of 2 is driven by a digital bit 1 . Similarly, the extractor grids having relative emission areas 
of 4 and 8 are driven by a digital bit 2 and 3. In this way the total emission area which is driven is proportional to the 
digital data presented on digital bits 0 to 3. 

In a display according to the present invention, the control of the number of electrons reaching the phosphor coat- 
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ing 150 associated with each pixel and hence the intensity of that pixel is by means of the control of the total emission 
area associated with that pixel. This contrasts with the prior art where the voltage on the first grids driven by analog driv- 
ers was used for this control. The first grids and associated drivers of the Magnetic Matrix display shown in figure 2 are 
not necessary when a cathode of the present invention is used The second grids and associated switches are however 
5 necessary. 

Figure 5 shows such an emitter based on 4 bit digital data input. An area of field emission tips 400 is overlaid by 
four areas of extractor grids 402-408. The central emission area 402 has a total area of A. The next radially-outward 
concentric ring area 404 has a total area of 2A. The third radially-outward concentric ring area 406 has a total area of 
4 A. The final radially-outward concentric ring area 408 has a total area of 8 A. 

w The areas of extractor grid are not limited to being concentric rings. They may be any shape provided the relation- 
ship of their relative areas is such as to achieve variations in the total emission area with changing applied digital data. 
For example, they may be quadrilateral in shape and suitably arranged to achieve a reasonable packing density. Stripes 
may be used to achieve this or rectangular areas. Figure 6 shows a further example of an emitter based on 4 bit digital 
data input. An area of field emission tips 600 is overlaid by four areas of extractor grids 602-608. The first emission area 

15 602 has dimensions of Vl 5/7 by 7/Vl 5 giving a total area of 1 . The second emission area 604 has dimensions of 2 Vl 5/7 
by 7/V15 giving a total area of 2. The third emission area 606 has dimensions of 4^15/7 by 7/V15 giving a total area of 
4. The fourth emission area 608 has dimensions of V15 by 8/V15 giving a total area of 8. The emission areas are 
arranged as shown in figure 6 so as to form a square emitting area of the same size as a pixel. 

Additionally, the relative areas need not be part of a binary increasing sequence (1, 2, 4, 8, ...). They may be any 

20 predetermined sequence of relative areas. The number of extractor grid elements associated with each pixel is not lim- 
ited to four. The number may be any number between one and the maximum number which can be accommodated 
within the total emission area associated with a pixel. The preferred embodiment uses four extractor grid elements 
because this allows sixteen different levels of emission. A corresponding amount of digital drive data must be available 
to drive the extractor grid elements. There is a gap between each of the concentric rings in the preferred embodiment 

25 so that electrical breakdown does not occur when one of the rings has a voltage applied to it and the adjacent ring does 
not have a voltage applied. As mentioned earlier, the voltages applied are in the range of 50 to 125 volts, so the gaps 
must be sufficient so that breakdown does not occur. The extractor grid requires a fine spacing with small holes and 
narrow gap between the extractor grid and the emitter surface. This is so that a low voltage can provide a large electric 
field gradient. Typically, the holes are 1 to 2 jim in diameter and the spacing from the extractor grid to the emitter surface 

30 is 10nm. TTie deposition of the extractor grid will be by lithographic deposition techniques such as by evaporation or by 
sputtering. In an alternative embodiment, a uniform plane surface extractor is used and the actual emitter of electrons 
is patterned and driven to provide the field gradient. 

Also shown in figure 5 are the conductors that are used to connect a row of such emission areas together. In a pre- 
ferred embodiment, a row of all the extractor elements having a relative area of A are connected together. Similarly, a 

35 row of all of the extractor elements having relative areas of 2A and of 4A and of 8A are connected together. Connections 
are provided for each row for each of the emission areas (A, 2A, 4A and 8A). In a manner similar to that of the prior art, 
separate data is applied to all of the rows and a given column is selected for the display of image data. The given col- 
umn is deselected and a new set of separate data for a new column is applied to the rows. The new column is then 
selected for the display of image data. 

40 In a conventional CRT, there is a well known relationship between the cathode (or the grid) drive voltage and the 
beam current that f bws. This relationship is commonly referred to as the "gamma" of the display. The beam current that 
flows in response to a given drive voltage is proportional to the drive voltage raised to the power of gamrnaCr), that is 

I oc V 7 . 

45 

The value of Gamma tor a typical CRT is in the range of 2.4 to 2.8. 

The gamma function is a continuous function, since it is a function of the voltage seen at the space charge cloud in 
front of the physical cathode. In an emitter of the present invention, there is not a space charge cloud in front of the 
so physical cathode surface, since substantially all electrons released from the cathode form beam current (saturation cur- 
rent limited). A small percentage of electrons may be lost by such mechanisms as the provision of small amounts of 
charge on insulating surfaces. 

Non space charge limited emission means that there is no "averaging" effect to remove local emission variations. 
A space charge cloud effectively decouples the beam current from the cathode emitting surface. The space charge 
55 cloud from a thermionic cathode results from a cathode current which is typically greater than one hundred times the 
beam current being supplied, so that local variations in thermionic emission over the cathode area are hidden from the 
electron beam by the space charge cloud. 

In the switched emitter scheme of the present invention, the drive voltages are digital representations (on or off). 
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Table 1 



Drive voltage versus Beam Current and Emission Area 



The column headed Voltage in Table 1 is the normalised drive voltage applied to the cathode (or grid) of 
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tional CRT The column headed Current (Gamma = 1 ) in Table 1 is the beam current that would flow in response to the 
applied drive voltage if the gamma of the CRT was 1 f that is a linear transfer function. The column headed Current 
(Gamma « 2.5) in Table 1 is the beam current that would flow in response to the applied drive voltage if the gamma of 
the CRT was 2.5, that is a typical value of gamma for a conventional CRT The column in Table 1 headed Current (Best 

5 Fit) is the beam current that would flow if the emission areas were mapped to produce a best fit to the curve with a 
gamma of 2.5. The values of the emission area needed are shown in the column of Table 1 headed Relative Area. 

The use of these values maps the linear transfer function of a switched area cathode to a gamma function of a con- 
ventional CRT Only 1 1 of the 1 6 possible relative areas are used. No beam current flows until a drive voltage (normal- 
ised) of 0.2666 is applied. In a preferred embodiment, this mapping is done using a table lookup ROM. In an alternative 

10 embodiment, the mapping may be done by a memory which is dynamically alterable, so as to allow programming by a 
user to vary the transfer function. 

Figure 7 shows the data from table 1 plotted in graphical form. Line 702 shows the linear transfer function, equiva- 
lent to a Gamma of 1 . As can be seen, the approximation to the Gamma = 2.5 transfer function is coarse for low beam 
current values, but achieves a reasonable match at higher beam current values. With more emission areas per pixel 

is cathode site, the matching to the ideal analog transfer function will be improved. 

Claims 

1 . A display device comprising: 

20 

field emission cathode means having extractor grid means for emitting electrons; 
means for forming the emitted electrons into a plurality of electron beams; 

a screen for receiving the plurality of electron beams, the screen having a phosphor coating facing the cathode, 
the phosphor coating comprising a plurality of pixels each corresponding to a different one of said plurality of 
25 electron beams; 

grid electrode means disposed between the cathode means and the screen for selectively allowing or blocking 
the flow of electrons from the cathode means; and 

wherein the extractor grid means, has a plurality of separately addressable portions associated with each of 
said plurality of pixels. 

30 

2. A display device as claimed in claim 1 wherein the field emission cathode means is a microtip cathode. 

3. A display device as claimed in claim 2 wherein the microtip cathode comprises Molybdenum. 
35 4. A display device as claimed in claim 2 or claim 3 wherein the extractor grid is a mesh. 

5. A display device as claimed in claim 1 wherein the field emission cathode is a Metal-Insulator composite. 

6. A display device as claimed in claim 1 wherein the field emission cathode is a Carbon nanotube. 

40 

7. A display device as claimed in any one of claim 1 to claim 6 wherein the separately addressable portions are 
arranged as concentric rings. 

8. A display device as claimed in any one of claim 1 to claim 6 wherein the separately addressable portions are 
45 arranged as quadrilaterals. 

9. A display device as claimed in any one of claims 1 to 8 wherein the separately addressable portions of the extractor 
grid means have relative areas forming a binary increasing sequence. 

so 10. A display device as claimed in any one of claims 1 to 9 wherein the extractor grid means has four separately 
addressable portions. 

f 11. A dispfay device as claimed in claim 10 wherein the four separately addressable portions of the extractor grid 

means have relative areas of 1 , 2, 4 and 8 respectively. 

55 

12. A display device as claimed in any one of claims 1 to 1 1 wherein the extractor grid is deposited by means of thin 
film photographic deposition. 
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13. A display device as claimed in any one of claims 1 to 1 2 wherein said plurality of pixels are arranged in rows and 
each of said separately addressable portions associated with each of said plurality of pixels in said row and having 
a common relative area, are connected together by a common conductor. 

14. A display device as claimed in any one of claims 1 to 1 3 wherein a gamma transfer function is used to map between 
an input data value and the corresponding electron beam current to provide an emulation of a gamma function of 
a conventional CRT. 



15. A display device as claimed in claim 14 wherein a lookup table is used to provide the mapping between the input 
data value and the corresponding electron beam current. 

16. A display device as claimed in claim 15 wherein the lookup table is dynamically programmable. 

1 7. A computer system comprising: memory means; data transfer means for transferring data to and from the memory 
means; processor means for processing data stored in the memory means; and a display device as claimed in any 
preceding claim for displaying data processed by the processor means. 
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